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Abstract

This paper focuses on increasing quantities of digestate, a final product of anaerobic digestion, in biogas
stations being built as alternative sources of energy. The potential use of digestate is limited due to its rather
specific physical properties. This paper presents current approaches to digestate and digestate management. The
objective is to compare the properties of digestate and the products of its separation via centrifuging, i.e. the
liquid phase known as digestate liquor, and the solid phase referred to as digestate fibre. Its focus is mainly laid
on techniques for dewatering digestate in low-solid anaerobic processes only, which have been tested for the
effectiveness of the basic physical and chemical methods including their combinations. The measured results
show that the use of coagulants and flocculants for this purpose would be very problematic in practice with
regard to their high consumption as well as the need to input other elements into the process.

Abstrakt

PiedloZeny ¢lanek se zabyva problematikou nartstajiciho mnozstvi digestatu jako kone¢ného produktu
anaerobni digesce v bioplynovych stanicich, budovanych jako alternativni zdroje energie. Digestdit ma v
soucasné dob¢é omezené vyuziti, které je dano jeho specifickymi fyzikalnimi vlastnostmi, zejména extrémné
problematickou separaci jednotlivych slozek, ale také chemickym a mikrobiologickym sloZzenim. Jeho vlastnosti
jsou z nejvetsi ¢asti ovlivnény druhem zpracovavané biomasy. V tvodni ¢asti tato studie predklada soucasné
moznosti nakladani s digestaitem. Predmetem experimentalni ¢asti je popis odbéru a analyzy vzorkl digestatu
veetné jeho zpracovani v laboratornich podminkach pouzitim odstiedéni a nasledné posouzeni vlastnosti
digestatu a produktl separace, tj. fugatu a separatu a dale testovani koagulacnich a flokulacnich Cinidel pro
u¢innéjsi separaci tuhé faze z digestatu, resp. fugatu. Pouziti koagulanti a flokulantl pro tyto Gcéely v praxi by
bylo zna¢né problematické s ohledem na jejich vysokou spotiebu a vnos dals$ich prvkii do procesu.

Key words: biogas plant, biogas, whole digestate, digestate liquor, digestate fibre, flocculation and
coagulation agents

1 INTRODUCTION

Digestate is produced by biogas plants (BGPs) whose number significantly rises. The growth is caused by
the increasing interest in alternative, or renewable energy sources, and the requirements for reducing
biodegradable waste. The use of alternative energy sources is also an integral part of the energy policy in the
Czech Republic, similarly to the European Union, where biogas shows a growing trend.

The process used in biogas plants is a process of anaerobic digestion (also called fermentation). It is a
complex biochemical, chemical and physicochemical process of organic matter conversion in the absence of air
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(oxygen) to a gas mixture and a fermented undecomposed organic residue. This process consists of four
consecutive stages: hydrolysis, acidogenesis, acetogenesis and methanogenesis. The product of one phase serves
as a substrate for the second phase, and failure or disruption of one of the activities can break the dynamics of
the system. These process steps are subsequent, but in continuous operation they occur simultaneously. The
degree of lability and stability within the hydrolysis of organic substances (e.g., the difference between
carbohydrate raw materials and sawdust with high lignin content) is an important factor as well. (Dohanyos at
al., 1998; Schulz, 2004; Straka et al., 2006; Kara et al., 2007)

The process of anaerobic fermentation affects the inaccessibility of air, pH (optimum 6.3 to 7.8), substrate
composition (which requires a correct ratio of organic matter, nitrogen and phosphorus, in addition to the
presence of micronutrients and vice versa the absence of heavy metals, oxidants, etc.), residence time and
applied technology. (Dohanyos et al., 1998; Schulz, 2004; Kasali & Senior, 2007; Dohanyos, 2014)

Biogas, which is a mixture primarily of methane and carbon dioxide, is the main product of anaerobic
digestion besides several other minor compounds, and is used mainly for the production of electricity and heat.
In addition to biogas, biogas plants produce a fermentation residue called digestate. The amount of the produced
digestate increases proportionally with the increasing number of biogas plants. The growth in the number of
BGPs are supported by grants from the EU.

The anaerobic digestion process can be theoretically performed with almost any organic material with
high organic content and solid content of less than 50%. Feedstock for BPSs may be biodegradable municipal
waste (BMW), sewage sludge, agricultural crops and wastes from livestock production.

It is possible to divide the anaerobic digestion processes into two types according to the solid contained in
biomass — dry and wet, which is associated with the way of transporting biomass to a digester. Although the dry
running method is cheaper (less heat loss during water heating), the wet anaerobic digestion process is used more
frequently as the biogas production thus achieves higher stability. (Muzik and Slejska, 2014)

1.1 Digestate

Digestate is a stabilized material containing material undigested during digestion and necrotic
microorganisms. Its properties are mostly affected by the kind of processed biomass and process parameters.

Digestate may be classified according to various aspects, e.g. dry matter, feedstock or methods of its
application. Most often, we encounter digestate which is the feedstock from agriculture and is most widely used
for fertilization. It should be noted that from a view of farmers, there is a problem consisting in its large amount
and the fact that it is too fluid (low dry matter content usually not exceeding 8 wt. %).

Digestate may be perceived from several points of view. First, it is a by-product in biogas generation,
applicable as a mineral fertilizer. Second, it is waste which may cause penetration of hazardous or even toxic
substances in the soil, which are not degradable by soil microorganisms. Therefore, they accumulate there that is
unsustainable in the long run.

On the basis of the previously acquired information and experience, it can be concluded that the
composition of digestate is suitable for fertilization, because up to 50% of organic nitrogen, such as ammonium
ion, is released in fermentors by plants in the form of mineral uptake. If we assess the amount of nutrient in
fertilizer from the whole digestate, especially a mineral and nitrogen fertilizer (in absolute values), it might seem
that it contains high amounts of phosphorus and potassium, but in terms of agrochemicals the amounts are
relatively low. (Kolat et al., 2010). On the other hand, it contains large amounts of relatively stabilized
indigestible organic matter, because almost all biodegradable organic substances were converted during the long
process of anaerobic digestion to biogas, and it is not clear whether the organic matter present in the digestate
will be well spent by microorganisms in the soil. There is very problematic high water content, however, mainly
in that part of the digestate, to which nitrogen in an unstable form is bound, which is well applicable for plants
(crops). Dry matter content of the typical digestate is between 2-8%, usually not exceeding 4%.

The current research and available literature deal with the fermentation process itself, its intensification
and various types of substrates, i.e. agricultural crops specially grown for the purposes and waste from
agriculture. For more information, see Kolaf et al., 2010; Hansges el al., 2011; Biihle et al., 2011; Braguglia et
al., 2012; Martin et al., 2002; Dewil et al., 2007. The research has been carried out on the properties of digestate
improving its applicability as fertilizer to enhance the plant growth or enhancement of soil structural properties
with respect to aeration. For more information, see Kolaf et al., 2011; Marecek et al., 2010; Kolat et al., 2010. If
the research is carried out by agricultural organizations, they often aim to increase the proportion of dry matter in
the digestate or decrease the quantity of the liquid phase, which is more advantageous in terms of the economy
of fertilizing. However, the issue of digestate has not been studied in its complexity. On the one hand, useful
components are to be used to maximum, on the other hand, the environment should be protected.
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1.2 Possibilities of whole digestate management

The following diagram shows theoretical possibilities of disposing the whole digestate or cleaning the
digestate, and was generated on the basis of available literature sources. (Blumerg, 2014; Chambers, 2011;
Chauzy et al., 2010; Fuschs et al., 2010; Nielsen et al., 2005; Degremont. Heliantis™ Solar Sludge Drying,
2012)

digestate
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Fig. 1 Variants of digestate management

Digestate can be applied directly to the soil, which is a commonly used procedure. To prevent the release
of ammonia, the acidification process can be used; however, it is necessary to take into account that this
digestate management method will be connected with soil acidification, which is undesirable for the most types
of soils.

By drying, if it is dried, the digestate has got rid of excess water. The dried digestate can be applied to soil
as a fertilizer and is much easier to handle. However, in general, the thermal methods are very expensive. Biogas
releases from cogeneration units a large amount of heat, but the amount is not able to ensure the drying of the
digestate so it is often used only for drying wood biomass. Although the digestate volume is relatively large in a
BGP, the drying of digestate is not frequently used in practice. It is also possible to use solar drying. In this case,
the digestate is fed into ventilated greenhouses. Nevertheless, there is a disadvantage due to the requirement for a
large area, which cannot be ensured for following volumes of digestate, despite the possibility to provide the
waste heat from cogeneration units. Each method has its drawbacks, whether the high energy demand or the
needed amount of space.

The evaporation, which is able to ensure about 20% dryness of digestate, is a less economically
demanding process than drying.

Wet air oxidation is the oxidation of liquid sludge (digestate), under air conditions of increased pressure
(4-6 MPa) and temperatures (200-300°C), which represents up to 90% of organic matter transferred in the sludge
into the liquid phase in a form of mixtures of short-chain fatty acids and methanol. Even in this case, there are
complicated and economically demanding technology requirements, such as high temperature and pressure, and
final treatment of resulting gas and waste water.

Reed beds are a good solution for the production of low volume digestate for sites with low volume
production of digestate. These are areas below ground level where reeds are planted and the digestate is being
cleaned in the root system. Simultaneously, the digestate is thickened by evaporation. Water flowing from such
system is useful for example for irrigation. Mineralization of digestate takes up to 10 years. Then it is possible to
extract the sludge and apply it as an inorganic fertilizer. This technology is highly dependent on the size of
required area.
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2 THICKENING AND DEWATERING OF DIGESTATE

As already mentioned, there are problematic properties of digestate, such as low solid content, so
thickening and dewatering is the only option and a separate chapter of the digestate management. Requirements
for these processes are as follows: gravitational forces, centrifugal forces or pressure.

When thickening the digestate, 5-10 % solid content of sludge can be reached. A horizontal belt filter or
centrifuge can be used. The process can be intensified by adding a polymer, which causes flocculation of
colloidal particles. However, the required amount of polymers is extremely high (see results below).

When dewatering the digestate, 18% solid content of slurry and more can be achieved. For these
purposes, we can use sieve belt presses or centrifuges as well as the process can be intensified in this case by
dosing a polymer. The separated solid phase is known as digestate fibre and the separated liquid phase as
digestate liquor. The digestate slurry or the solid digestate from high solids “dry* anaerobic digestion often has
18-25% total solid content and some technologies produce even drier digestate. But there are only tens of “dry*
biogas plants in Europe.

2.1 Possibilities of digestate fibre management

The following diagram (Fig. 2) summarizes theoretical possibilities of disposing the digestate fibre, and
was generated on the basis of available literature sources. (Chambers, 2011; Fuschs et al., 2010; Pyreg, 2011,
Pell Frichmann consultans Ltd., 2012; Degremont. Heliantis™ Solar Sludge Drying, 2012)
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Fig. 2 Selected options for digestate fibre management

The options include the composting of digestate fibre, lime stabilization, which results in the destruction
of pathogens, however, an increase in pH, which almost always causes the release of ammonia also included in
the digestate fibre (but several years ago, fertilization with ammonia was common so it should not be a problem
for farmers). The direct application to the soil is the most frequently used option. Finally, it is also possible to
dry the fibre fraction and to enrich it with nutritional elements, and thus, improve its quality as a fertilizer, and
apply it into the soil. The fibre fraction of digestate is a good solution to lighten and aerate the soil. The
improved access of air to the root system and soil improvement hydrolimits can have a good yield effect, which
unfortunately is often mistakenly ascribed only to nutrients. (Vanék et al., 1998)

The dried digestate fibre may be used as fuel for combustion or fuel production such as pyrolysis and
gasification. Adding suitable inert soil to the digestate fibre (or wash it with water), and then use it as a substrate
for pot culture is another theoretical option.

2.2 Possibilities of digestate liquor management

The following diagram (Fig. 3) summarizes the options for the management of digestate liquor. (De la
Rubia, 2010; Botheju and Bakke, 2010; Driver, 1998; Gao, 2010; Gustin, 2011; lyovo and Du, 2010; Maurer et
al., 2001; Tchobanoglous et al., 2004; Evans, 2009)
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Fig. 3 Selected options of digestate liquor management

The liquid phase can be used for the production of algae as a source for fuel production. In Netherland,
digestate liquor is used as a raw material for the growth of algae which is further used for fuel production.

The digestate liquor contains valuable elements. It is especially ammonium nitrogen that is most
appropriately directly ploughed into the soil; however, the struvite precipitation is another theoretical option.

Evaporation (wet surface heat exchangers), typically utilised for whole digestate treatment, can be
realized with equipment operating on the principle of a heat exchanger. After the evaporation, the material can
be re-mixed with digestate fibre and used for fertilization. This system was launched in Scotland and is able to
reduce the volume of digestate liquor to 15% of the initial volume, while the waste heat comes from a
cogeneration unit.

Cleaning the digestate liquor using ultrafiltration and reverse osmosis — authors in foreign publications
refer to the laboratory results of these methods, but their practical application in biogas plants in available
resources have not been found. That is why their use is highly questionable with regard to the fouling of
membranes, optionally filters, serving as protection against microscopic colloidal particles.

3 EXPERIMENTAL PART

Within the experimental part, all digestate samples were collected from agricultural biogas plants in the
Moravian-Silesian and Olomouc Regions; the samples were subjected to tests of separation of the solid phase,
and digestate products (digestate liquor and digestate fibre) were analysed and coagulation and flocculation
agents were tested for the intensification of the process of separation of the solid phase of whole digestate.

3.1 Sampling and analysis of whole digestate, digestate liquor and digestate fibre

Digestate samples were collected from agriculture biogas plants in two-month intervals. The monitored
BGP processed organic waste from pigs, silage from well silage agricultural crops (corn and beet tails), and at
the end of summer months, fresh grass or sorghum, and during winter and spring months, silage with high solid
content (more than 50% of dry matter) were added. After centrifuging the sample of digestate on laboratory
conditions, the digestate liquor and digestate fibre fractions were subjected to a chemical analysis. They were
monitored for CODCr, BODS5, total phosphorus and ammonia contents.

The aim was to compare the properties of the whole digestate and the separated products by
centrifugation, (liquid phase — digestate liquor and solid phase — digestate fibre). The obtained results were
compared. Laboratory tests and cleaning of the whole digestate and digestate liquor were carried out in the
laboratory at the Technology and Water Management Department of the Faculty of Mining and Geology at the
VSB-Technical University of Ostrava. The analyses of the samples were performed also in an accredited
laboratory.

The results that have been obtained from both laboratories are the same (even if every time different units
were used). The digestate and digestate liquor density is about 1000 kgm™ so the results can be mutually
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compared even if they are expressed in mg.kg? of the original weight or in mg.I"? of the sample. The analyses of
the samples were carried out in the company Laborator MORAVA, s.r.o., an accredited laboratory. In the
samples of the whole digestate, digestate liquor and digestate fibre, solids were determined according to EN
12879: total phosphorus by JPP UKZUZ (a uniform workflow of the Central Institute for Supervising and
Testing in Agriculture), ammonia nitrogen by JPP UKZUZ, CHSKc according to 1SO 6060, and BODs
according to EN 1899-1.

Further analyses of digestate and fugate were conducted in the university laboratory. The samples density
was determined using the pycnometer method, total phosphorus according to EN 1SO 6878, ammonia nitrogen
according to 1SO 7150-1, CODc; according to TNV 757520, and BODs according to EN 1899-1.

4 RESULTS AND DISCUSSION

According to a subjective assessment of all digestate samples, it can be concluded that the digestate is a
heterogeneous viscous mixture of dark brown-green colour with visible unaltered remains (e.g. corn silage) and
with the typical putrefactive and ammonia odour.

The measured properties of digestate from various agricultural sources have comparable values. Due to
the high concentrations and the need for high dilution of samples, the measurements have a degree of
uncertainty; however, understanding the issue is sufficient.

The average value of total phosphorus was Pt 800 mg.kg™ of the initial sample weight. The average
value of ammonia was N-NH; 2.500 mg.kg™ of the initial sample weight. The average value of organic
substances, expressed as CODc; in the whole digestate was 30.000 mg.kg™ of the original sample weight. The
average value of biodegradable substances expressed as BODs in the whole digestate was about 3200 mg.kg* of
the original sample weight. BODs values are approximately 10 times lower than the values of CHSKcr.

4.1 Separation of digestate fibre

First the digestate samples were filtered through the KA1-M filter paper, but the digestate was not
filterable under atmospheric pressure. The digestate sample was not filterable either in vacuum. For the solid
phase separation (digestate fibre), the laboratory centrifuges of the Merci company were used. The digestate was
dispensed into plastic tubes of 200 ml and subjected to centrifugation at 4100 rpm for 5 min.

Fig. 4 shows photographs of products separated by centrifugation of the solid digestate which is in the
liquid phase — digestate liquor representing around 70-80% of the initial volume of the whole digestate. The
digestate liquor shown on the left, can be characterized as a viscous brownish-green liquid lighter than the
starting mixture (whole digestate is shown on the right) with a lower content of fine sludge. There is a noticeable
residue of silage no longer. Also sensory properties were significantly better than those of the whole digestate.

The further products obtained by the centrifugation were in the solid phase — digestate fibre constituting
about 20-30% of the initial volume of the whole digestate. The digestate fibre can be characterized as a solid
engravable mixture containing the remains of the undecomposed input substrate and fine sludge with a typical
smell.

A B C

Fig. 4 Samples of digestate liquor (A); whole digestate (B); digestate fibre (C)

The results of compositions of digestate fibre and digestate liquor from individual agriculture biogas
plants were also compared.

The average value of total phosphorus was Ptotal 800 mg.kg™? of the initial sample weight. The average
value of ammonia was N-NH4 2.500 mg.kg? of the initial sample weight. The average value of organic
substances expressed as CODc; in the whole digestate was 30.000 mg.kg? of the initial sample weight. The
average value of biodegradable substances expressed as BODs in the whole digestate was about 3200 mg.kg* of
the initial sample weight. The BODs values were approximately 10 times lower than the values of CHSKc,.
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Using the ratio of BODs:CODcy, it can be concluded that it is a heavily biologically degradable substance.
Digestate fibre is mainly applicable in agriculture for soil aeration, although it contains a relatively high
proportion of total phosphorus and ammonia; but it is attached to the stabilized organic material and it is almost
inaccessible for plants. It had been expected as the instable organic matter in the feed material was decomposed
by anaerobic fermentation for about 40 days or more.

With regard to the concentrations of ammonia nitrogen and phosphorus, it is apparent that phosphorus is
mainly in the separator, while the distribution of ammonia in the two phases is approximately the same.

Tab. 1 Average values of indicators in samples of whole digestate, digestate liquor and digestate fibre

B | T | P
Dry mass % 4,32 1.52 16.3

Peeik mg.kg! of orig. weight 800 200 1600
N-NH4 mg.kg™ of orig. weight 2 500 2 500 2 500
CHSK¢, mg.kg?* of orig. weight | 30 000 26 000 97 000
BSKs mg.kg? of orig. weight 2800 3200 8 000

Digestate liquor (liquid phase) is heavily polluted, so cleaning procedures will be tested and analysed. It
is important to realize that the digestate liquor contains valuable elements for farmers, therefore the aim, besides
the cleaning, will also be to get the solid phase which is also useful for fertilization. It is necessary to consider
the effectiveness of digestate liquor cleaning, because in agricultural practice, the application of liquid-
suspension fertilizers is quite common.

4.2 Testing coagulating agents

Coagulation and separation is a set of processes that may be used for removing colloidal and
macromolecular organic compounds from wastewater. Ferric or aluminium salts are used as coagulating agents.

During the laboratory testing, hydrates of ferric chloride and ferric sulphate were used, containing a
comparable amount of ferric ions. If water is too dirty, it is essential to choose an appropriate dose based on the
detected contamination. Therefore, it is appropriate to use the basic benefit formula DZ = 8 * ¢, where ¢ = COD
(Pitter et al., 1983) for the calculation.

As it is usual in the coagulation tests, series of tests were conducted with multiple basic doses from 0.1 to
1.2 times the calculated base dose. The experiments were conducted with both the digestate liquor and the whole
digestate.

The used coagulants caused a decrease in pH, therefore it was necessary to correct the course of
coagulation and adjust the pH value to about 5, which was carried out by dosing calcium hydroxide. It was also
required to add a certain amount of dilution water that was added in the process of dispensing the solutions of
coagulants. The experiments were carried out through the use of 20% solutions of FeCls or Fe(SO.)s. During the
experiments, the suspension with lime milk was mixed using the LAVAL magnetic stirrer for 1 min. After that a
dose of coagulant was added and the sample was mixed with the magnetic stirrer for 2 minutes at maximum
speed and additional 10 minutes at low speed. Subsequently, the pH value was measured and the sample was
filtered through the filter paper for quantitative analyses KA-4 at medium speed. The monitored indicators in the
filtrate were determined.

4.3 Coagulant FeCls

It is necessary to add coagulant into the digestate (digestate liquor) to reduce the pH value to about pH 2.
The value of pH is modified by the dose of Ca(OH), as a 10% suspension. In order to achieve efficient
coagulation, the doses of 50 ml of 10% slurry of Ca (OH), and 160 ml of 20% FeCl; solution to 1 litre of
digestate (digestate liquor) were used.

After the use of the effective doses of agents, it can be stated that the value of CODc, was reduced to
about 600 mg - 1"t (11 99%); N-NH, 350 mg.I" (1 85%); Piotar 3 mg.I (n 99%). Conversely, there were found out
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increased concentrations of Cl- 9300 mg.It; Ca?* 1200 mg.I, pH was 4.8. In the analysis of the sludge, N, P, C,
Fe and chlorides prevailed. (Vidlarova, 2013)

4.4 Coagulant Fe;(SQ4)s

It is necessary to add coagulant into the digestate (digestate liquor) to reduce the pH value to about pH 3.
The value of pH is modified by the dose of Ca(OH), — 10% suspension. To achieve efficient coagulation, the
doses of 80 ml of 10% slurry of Ca(OH)2 and 160 ml of 20% solution of Fe(SOs); in 1 | of digestate (digestate
liquor) were used.

After the use of the effective doses of agents, it can be stated that the value of CODc, was reduced to
about 500 mg - 17 (n 98%); N-NH; 1000 mg.I* (n 60%); Pww 2 mg.l? (n 99%); and Ca?* and SOs*
concentrations increased to 600 mg.I"Y; 8000 mg.| ! respectively. The pH value was 5.8. In the analysis of the
sludge, N, P, C, Fe and sulphates prevailed. (Vidlatova, 2013)

4.5 Evaluation of the use of coagulants

In order to achieve coagulation, extremely high doses of agents were used. The composition of the filtrate
corresponded with the reagent. We achieved a significant reduction of organic compounds in the liquid phase,
but there was also a significant increase in sulphate, or chloride and calcium ions. Likewise, in the filter cake,
enormously high concentrations of nitrogen, phosphorus, organic matter iron and sulphates, or chlorides were
found.

Regarding the usability of coagulants in the separated solid phase, which should primarily be used for
fertilization of the soil, the content of nitrogen, phosphorus, calcium and organic substances is generally
beneficial for fertilization. Also an iron concentration is beneficial, but the dose of coagulant must be high
enough to carry out successful coagulation. Furthermore, the chloride content in fertilizers leads to the
acidification of soil so it is preferable to use an organic material containing sulphates which can be commonly
found in fertilizers (e.g. in fertilizers used for the cultivation of rape plant).

Coagulant tests use the same procedure for both the whole digestate and the digestate liquor (Fig. 5). It
has been discovered that the samples of the digestate are filterable after coagulation when using the same
volumes as for the coagulants in testing the digestate liquor, despite the fact that the undiluted digestate has a
higher concentration than the undiluted digestate liquor CODcy, i.e. 30,000 mg.I"* compared to 26,000 mg .I"% In
several cases, foam formation was found. This can be eliminated by adding skimmers; or the flotation process
can be tested in the whole digestate management, however, this will be the subject of further research.
(Vidlarova, 2013)

Fig. 5 Sample of whole digestate after using coagulation agents (A); filtrate (B) (Fe2(SOa4)s3)

4.6 Testing flocculation agents

Flocculation with an organic polymeric flocculant is a process of destabilization of polymer colloids
(flocculants) and there are two mechanisms. In the first case, it acts as a coagulant neutralizing the negative
surface charge of sludge particles to permit subsequent aggregation, and in the other, it serves as a row bridging
mechanism to activate the formation of flakes.

Digestate, or digestate liquor, is a system of macroscopic and colloidal particles which consists mostly of
negatively charged particles.
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Flocculants were tested as 0.1 or 0.05% solutions. For individual experiments, after dispensing the
selected dose of flocculants, the suspension was always stirred with a glass rod and left for sedimentation. If the
macro flakes were created, the pH value was measured and the suspension was filtered through the filter paper
for the quantitative analysis KA-4 at medium speed. The monitored indicators were determined in the filtrate.

Anionic flocculants (SOKOFLOC 12 and 26) were the first test agents, which, as expected, did not cause
the system destabilization, and, therefore, were excluded from further experiments. We also tested various types
of cationic flocculants (SOKOFLOC 56, SOKOFLOC 61, SOKOFLOC 65, SOKOFLOC 68, SOKOFLOC 109,
Superfloc C475 and C496 Superfloc). Good results were achieved, i.e. the destabilization and the formation of
macro flakes, when using e.g. SOKOFLOC 61 and 65.

To achieve smooth flocculation when using the flocculants, an additional and large volume of water was
required in comparison with the experiments with coagulants. As for the composition of the filtrate, after the
application of effective doses of agents, we claim that the CHSKc, value decreased to about 2000 mg - 17 (n
93%); NH4-N 360 mg.I" (1 85%); Prota 10 mg.I7 (n 99%). The pH value was around 7. (Soudek, 2014)

Fig. 6: Sample of whole digestate after flocculation (Sokoflok 61)

5 CONCLUSIONS

Digestate is one of the major environmental problems regarding the growing number and characteristics,
especially its low dry matter content. The paper presents various theoretical possibilities for the treatment of
whole digestate, digestate liquor and digestate fibre that were found in available literature. It also presents the
results of a basic chemical analysis of individual components (whole digestate, digestate fibre and digestate
liquor) which clearly shows that the digestate liquor is a very stable material containing elements which are
difficult to use for plants. Then the presentation of used methods for the separation and purification of the whole
digestate follows. The digestate fibre obtained by centrifugation is available directly to fertilization, and the
digestate liquor is the liquid phase of the whole digestate. The digestate liquor is heavily polluted, but also
contains important elements useful for the purpose of fertilization. In the research of the purification of the
whole digestate and digestate liquor, first the properties of samples from five agriculture BGPs were evaluated. It
was determined that the properties are comparable so the cleaning procedures generally applicable to the
digestate can be applied. The methods for separation of the solid phase of the digestate — digestate fibre or
digestate liquor were tested as well. If flocculants and coagulants are not used, centrifugation may be applied as
a separation process. When adding coagulation and flocculation agents to intensify the process, their
consumption for effective coagulation and flocculation was enormously high; the solid phase was well-separable
by sedimentation and filtration. The use of coagulants and flocculants in practice would be highly questionable
and problematic due to their high consumption and the need to input further elements into the process and hence
to the product separation.

ACKNOWLEDGEMENTS
The paper was elaborated with the support of the Ministry of Agriculture within the Project QJ1320159
“Research in processing, use and disposal of waste products from biogas stations”.

REFERENCES

[1] Blumerg |I. Reed Bed Sludge Treatment. [online] Available: http://www.blumberg-
engineers.com/Gallery/Reed-bed-sludge-treatment.html (2014-09-12)

[2] Botheju D. S., Bakke R. Digestate Nitrification for Nutrient Recovery. The Open Waste Management
Journal, 2010. No.3, 1 — 12. ISSN 1876-4002

GeoScience Engineering Volume LX (2014), No.4
http://gse.vsb.cz p. 39-50, ISSN 1802-5420


http://gse.vsb.cz/
http://www.blumberg-engineers.com/Gallery/Reed-bed-sludge-treatment.html
http://www.blumberg-engineers.com/Gallery/Reed-bed-sludge-treatment.html

(3]

(4]

(5]
(6]

(7]

(8]

[0l

[10]

[11]

[12]

[13]

[14]

(18]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

48

Braguglia C.M., Gianico A., Mininni G.: Comparison between ozone and ultrasound disintegration on
sludge anaerobic digestion. Journal of Environmental Management. 2012. Vol. 96. pp. 139-143. ISSN:
0301-4797

Biihle L., Sttlpnagel R., Wachendorf M.: Comparative life cycle assessment of the integrated generation
of solid fuel and biogas from biomass (IFBB) and whole crop digestion (WCD) in Germany. Biomass and
Bioenergy. 2011. Vol. 35. pp. 363-37. ISSN: 0961-9534

Chambers B. Digestate Utilisation on Agricultural Land. 2011. [online] Available: http://warrr.org/1226/
(2014-11-2)

Chauzy J; Martin J. C.; Cretenot D.; Roisere J. P. Wet Air Oxidation of Municipal Sludge: Return
Experience of the North Brussels Waste Water Treatment Plant. Water Practice & Technology, 2010.
Vol. 5. ISSN 1751-231X

De la Rubia A. M.; Walker M.; Heaven S.; Banks C., B.; Borja R. Preliminary trials of in situ ammonia
stripping from source segregated domestic food waste digestate using biogas: Effect of temperature and
flow rate. Biosource Technology, 2010. No.101, 9486 — 9492. ISSN 0960-8524.

Degremont. Heliantis™ Solar Sludge Drying. 2012

Dewil R, Appels L., Baeyens J., Degreve J.: Peroxidation enhances the biogas production in the anaerobic
digestion of biosolid. Journal of Hazardous Material. 2007. VVol. 146. pp. 577-581.

Dohanyos M., Zabranska J., Jeni¢ek P., Fialka P., Kajan M. Anaerobni cistirenské technologie. 1. vyd.
Brno: NOEL 2000 s.r.o., 1998.345 s. ISBN 80-860020-19-3.

Dohanyos M.: Anaerobni reaktor neni cernou skiinkou - teoretické zdklady anaerobni fermentace.
[online] Biom.cz: <http://biom.cz/cz/odborne-clanky/anaerobni-reaktor-neni-cernou-skrinkou-teoreticke-
zaklady-anaerobni-fermentace>. (2014-09-08)

Driver J. Phosphates recovery for recyling from sewage and animal wastes. Phosphorus & Potassium,
1998. Vol. 216, pp. 17 — 21. ISSN 0031-8426

Evans T. D. Recovering ammonium and struvite fertilisers from digested sludge dewatering liquors. In:
Resource Recovery Not Wastewater Treatment Conference. London: Aqua-Enviro, 2009. ISBN 1 84339
0019

Fuschs W.; Wager F.; Kirchmayr R.; Braun R.; Dorsg B. DigestateTreatment: Comparison and
Assessment of Existing Technologies. In: Third International Symposium on Energy from Biomass and
Waste. Venice: CISA, 2010. ISBN 978-88-6265-008-3

Gao T. L. Using thermophilic anaerobic digestate effluent to replace freshwater for bioethanol
production. Bioresource Technology, 2010. Vol. 102, pp. 2126 —2129. ISSN 0960-8524

Gustin S. M.-L. Effect of pH, temperature and air flow rate on the continuous ammonia stripping of the
anaerobic digestion effluent. Process Safety and Environmental Protection, 2011. Vol. 89, pp 61 — 66.
ISSN 0957-5820

Hansges L.,Richter F., Wachendorf M.: Integrated generation of solid fuel and biogas from green cut
material from landscape conservation and private household. Bioresource Technology. 2011. Vol. 102.
pp. 10441-10450. ISSN: 0960-8524

lyovo G. D.; Du G. Chen J. Sustainable Bioenergy Bioprocessing: Biomethane Production, Digestate as
Biofertilizer and as Supplemental Feed in Algae Cultivation to Promote Algae Biofuel
Commercialization. Journal of Microbial and Biochemical Technology. 2010. Vol. 2, issue 7. pp.100
ISSN 1948-5948

Kara J., Pastor, Z; Ptibyl, E.; Hanzlikova I.; Andert D.; Gerndtova I.; Hutla P.; Mélgovoté P.; Abrham Z.;
Muzik O.; Hlinka J.; Bradna J. Vyroba a vyuziti bioplynu v zemédélstvi. Praha: VUZT, v.v.i., 2007. 117
pp. ISBN 978-80-86884-28-8.

Kasali G. B; Senior E. Effects of temperature and moisture on the anaerobicdigestion of refuse. Journal of
Chemical Technology and Biotechnology. 2007. Vol. 44, no. 1, 31-41. ISSN 1097-4660

Kolaf, L., Kuzel, S., Peterka, J., and Borova-Batt, J., Agrochemical value of the liquid phase of wastes
from fermenters during biogas production. Plant, Soil and Environment, 2010. Vol.56: pp. 23-27.I1SSN
1214-1178

Mare¢ek J., Vostoupal B..: Influencing the quality of biogas station digestate with respect to its
subsequent use as fertilizing watering in plant production [online]. Brno 2010. Available at

GeoScience Engineering Volume LX (2014), No.4
http://gse.vsb.cz p. 39-50, ISSN 1802-5420


http://gse.vsb.cz/
http://warrr.org/1226/

49

http://eagri.cz/public/web/file/93920/Ovlivneni_kvality digestatu_bioplynovych_stanic_vzhledem_k_jeh
0_naslednemu_vyuziti_jako_hnojive_zalivky v_rostlinne_vyrobe.pdf>. (in Czech)

[23] Martin M. A., Raposo F., Borja R., Martin A.: Kinetic study of the anaerobic digestion of vinasse
pretreated with ozone, ozone plus ultraviolet light, and ozone plus ultraviolet light in the presence of
titanium dioxide. Process Biochemistry. 2002. Vol 37. pp. 699-706.

[24] Maurer M.; Mucke J.; Larsen T. A. Nitrogen Revovery and Reuse. [online] Available:
agrienvarchive.ca/bioenergy/download/maurer_IWA_2001.pdf. (2014-09-12)

[25] Muzik O.; Slejska A. MoZnosti vyuZiti anaerobni fermentace pro zpracovani zbytkové biomasy. [online]
Biom.cz: < http://biom.cz/cz/odborne-clanky/moznosti-vyuziti-anaerobni-fermentace-pro-zpracovani-
zbytkove-biomasy >. (2014-09-10)

[26] Nielsen S.; Willoughby N. Sludge Treatment in Reed Bed Systems and Recycling of Sludge and
Environmental Impact. In: 10th European Biosolids and Biowaste Conference. UK, Agua Enviro
Technology Transfer, 2005. ISBN 1 84339 001 9

[27] Pell Frichmann consultans Ltd. Enhancement and treatment of digestates from anaerobic digestion.
Project code OMK006-002. 2012

[28] Pitter P. F.; Tuéek J.; Chudoba L. Laboratorni metody v technologii vody. Praha: SNTL, 1983. 304 pp.
[29] Schulz H., Eder B. Bioplyn v praxi. Ostrava: HEL, 2004. 168 s. ISBN 80-86167-21-6.

[30] Soucek R. Testovani intenzifikace oddéleni tuhé faze z digestatu pti odsttedovani. Diplomovd prace,
Ostrava: VSB-TUO, 2014. 62 pp.

[31] Straka F.; Dédek, J.; Dohanyos, M.; Kun¢arova, M.; Malijevsky, A.; Novak P. J.; Zabranska, J. Bioplyn.
Praha : GAS s.r.0., 2006. 706 s. ISBN 80-7328-090-6.

[32] Tchobanoglous G.; Burton F. L.; Stensel D. H. Waste Water Engineering Treatment and Reuse.4th
Edition, New York: McGraw Hill, 2004. ISBN 978-0070418783

[33] Vanék, V.; Kolar, L.; Pavlikova ,D.; Tlustos$, P.(eds.) "Reasonable Use of Fertilizers", In: Proceedings of
the International Conference, Czech University of Agriculture, Prague, 1998.

[34] Vidlafova P. Testovani koagulacnich ¢inidel pii separaci tuhé faze v odpadnim produktu z anaerobni
digesce. Bakaldrska prace, Ostrava: VSB — TUO, 2013. 45 pp.

[35] Kolat, L.; Kuze, S.; Peterka, J. and Borova-Batt, J.(2011). Utilisation of Waste from Digesters for Biogas
Production, Biofuel's Engineering Process Technology, Dr. Marco Aurelio Dos Santos Bernardes (Ed.).
Available from: http://www.intechopen.com/books/biofuel-s-engineering-process-technology/utilisation-
of-waste-from-digesters-for-biogas-production. ISBN: 978-953-307-480-1

[36] PYREG. 2011. Biomass to Biochar using Pyreg’s Slow Pyrolysis Technology.

RESUME

PiedloZeny ¢lanek se zabyva problematikou nartstajiciho mnozstvi digestatu jako kone¢ného produktu
anaerobni digesce v bioplynovych stanicich, budovanych jednak jako alternativni zdroje energie a dale jako
zafizeni schopné fermentovat, a tim snizovat mnozstvi ukladaného biodegradabilniho odpadu na skladky.

Digestat je stabilizovany material, ktery vznika pii anaerobni digesci v bioplynové stanici vedle hlavniho
produktu bioplynu. Producenty digestatu jsou bioplynové stanice, jejichz pocet vyrazné roste, a to s ohledem na
zvySujici se zdjem o alternativni resp. obnovitelné zdroje energie spolu s pozadavky na redukci
biodegradabilnich odpadu.

Digestat ma v soucasné dobé omezené vyuziti, které je dano jeho specifickymi fyzikalnimi vlastnostmi,
zejména extrémné problematickou separaci jednotlivych slozek, ale také chemickym a mikrobiologickym
slozenim. Jeho vlastnosti jsou z nejvetsi ¢asti ovlivnény druhem zpracovavané biomasy. Digestat predstavuje
environmentalni problém s ohledem na jeho rostouci mnozstvi a vlastnosti, piedevsim nizky obsah susiny.

Odstiedénim digestatu ziskame separat, a fugat. Mezi moznosti nakladani se separatem se fadi
kompostovani separatu. Nejvyuzivanéjsi moznosti je piima aplikace pfimo na pidu. V neposledni fadé¢ je také
mozné separat susit a dale s nim nakladat, a to obohacenim o nutri¢ni prvky a timto zvysit jeho kvalitu jako
hnojiva a aplikovat na pidu. VysuSeny separat je mozné také vyuZzivat jako palivo pii spalovani nebo ho vyuzit
pro vyrobu paliva, a to uplatnénim procesu jako jsou pyrolyza a zplynovani.

Kapalnd faze digestatu - fugat, kterd je silné zneCi$ténd, nicméné obsahuje dileZité prvky rovnéz
vyuzitelné pro ucely hnojeni. Kapalnou fazi je mozné vyuzit pro produkci fas jako zdroje pro vyrobu paliva.
Z fugatu mohou byt ziskany cenné prvky (tyka se to pfedev$im amoniakéalniho dusik).
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V ramci vyzkumu cisténi digestatu a fugatu byly nejprve zhodnoceny vlastnosti vzorkd digestatu z 5
zemedélskych bioplynovych stanic. Byly sledovany ukazatele CHSKc¢r, BSKs, celkovy fosfor a amoniakalni
dusik. Cilem bylo srovnat vlastnosti digestatu a produktd jeho separace odstfedénim, tj. kapalné faze tzv. fugatu
a tuhé faze, tzv. separatu. Na zaklad¢ srovnani bylo zjisténo, ze vlastnosti digestati z riznych zemédélskych
zdroji maji srovnatelné vlastnosti Na zakladé tohoto zjisténi mizeme konstatovat, ze l1ze uplatilovat postupy
¢isténi, které by byly aplikovatelné na digestat obecné.

Dale byly testovany zplsoby separace tuhé faze z digestatu, resp. fugatu. Bez pouziti flokulacnich a
koagula¢nich ¢inidel 1ze pro separaci uplatnit proces odstted’ovani. Co se ty¢e posouzeni vhodnosti pouziti
koagula¢nich ¢inidel, v odseparované tuhé fazi, ktera by méla byt pouzita predev$im ke hnojeni pid, je obsah
dusiku, fosforu, vapniku a organickych latek za ucelem hnojeni obecné pfinosny. RovnéZ urcita koncentrace
zeleza je pfinosna, nicméné v davce koagulantu potiebné k uspésné koagulaci, je jeho obsah vysoky. V piipadé
pouziti flokulanti byl pro dobry pribéh flokulace, oproti experimentim pii pouziti koagulantd, nutny piidavek
vétsiho objemu fedici vody.

Pro intenzifikaci procesu odstied’ovani pouzitim koagulacnich a flokula¢nich ¢inidel u¢inné, ale jejich
spoteba pro u¢innou koagulaci a flokulaci byla enormné vysoka. Tuha faze je dobie oddélitelna i sedimentaci a

filtraci. PouZiti koagulantd a flokulantd pro tyto ucely v praxi by bylo zna¢né diskutabilni a problematické i
s ohledem je na jejich vysokou spotiebu a vnos dalsich prvkii do procesu a tedy do produkti separace.
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